Use of Bepridil in Combination With Ic Antiarrhythmic Agent in Converting Persistent Atrial Fibrillation to Sinus Rhythm
international normalized ratio (INR) was controlled at approximately 2.0 during treatment. Participants were allowed to continue receiving the following drugs: AT-II receptor antagonists and angiotensin-converting enzyme inhibitors to control blood pressure; Ca antagonists and -blockers to control heart rate; and statins to treat hyperlipidemia. After informed consent was given, treatment with antiarrhythmic drugs was started in each patient, according to the study's protocol. The protocol for antiarrhythmic drug administration was as follows: A class Ia or Ic antiarrhythmic drug alone was administered first at a routine dose (Ia, cibenzoline 300 mg/day; Ic, pilsicainide 150 mg/day or flecainide 200 mg/day). If SR was not restored after 4 weeks of administering a class Ia or Ic antiarrhythmic drug, those drugs were stopped and therapy with bepridil was commenced. Bepridil was administered at 100 mg/day for the first 2 weeks. After confirming the QT interval to be within 0.50 s, the daily dose was increased to 200 mg. If bepridil failed to restore SR after 8 weeks of administration, a class Ic antiarrhythmic drug (ie, pilsicainide or flecainide) was added to the bepridil (200 mg/day). Pilsicainide was started at 75 mg/day and flecainide was started at 100 mg/day. After 2 weeks pilsicainide was increased to 150 mg/day and flecainide was increased to 200 mg/day.
During treatment with oral antiarrhythmic drugs, all patients began receiving regular medical examinations every 2-4 weeks as outpatients, to assess the efficacy of the treatment and to check for adverse events. The 12-lead body surface ECG was recorded to evaluate the treatment's efficacy, and heart rate, QRS width, and QT interval were measured. During AF, the QT intervals were measured in 10 beats on the ECG, and then averaged. Biochemical examination included the measurements of plasma atrial natriuretic peptide (ANP) concentration and brain natriuretic peptide (BNP) concentration, to assess cardiac function.
When administration of an antiarrhythmic drug caused the QT interval to increase to >0.50 s or the QRS width to increase to >0.12 s, either the dose was decreased or administration was immediately discontinued. The targeted level for serum potassium was >4.0 mmol/L. All variables are expressed as the means ± SD. Statistical analysis was conducted using the non-parametric test and results were considered to be significant at p<0.05. Eight weeks of administration of bepridil (200 mg/day) alone failed to restore sinus rhythm (SR). However, after 8 weeks of combination therapy with bepridil and flecainide (200 mg/day) SR was restored. Heart rate (HR) was decreased, and QRS width and QT interval were prolonged after the restoration of SR. QRS width was abnormally prolonged and clearly exceeded 120 ms when bepridil and a class Ic antiarrhythmic drug (AAD) were used in combination. Because of the abnormal prolongness in that patient, the dose of the class Ic AAD was reduced from 200 mg to 100 mg.
Results
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flecainide, 4 patients), and in 9 patients by bepridil alone. Consequently, single therapy with any of the antiarrhythmic drugs used here achieved pharmacological cardioversion in 14 (38%) of the 37 patients, whereas SR was restored by a combination of bepridil and a class Ic antiarrhythmic drug in 22 (flecainide, 14 patients; pilsicainide, 8 patients) of the remaining 23 patients (Fig 1) . In the one patient in whom a combination of bepridil and a class Ic antiarrhythmic drug failed to give SR, SR could not be restored even by a combination of bepridil and aprindine, or by amiodarone alone. Table 1 shows the backgrounds of the 14 patients in whom SR was restored by single antiarrhythmic drug therapy alone (ie, single drug group), and the 22 patients in whom SR was restored by a combination of bepridil and a class Ic antiarrhythmic drug (ie, combined therapy group). There were no significant differences between the 2 groups for age, gender, underlying disease, ECG findings, or LVEF or left atrial diameter as determined by echocardiographic findings. Plasma ANP concentration was significantly lower in the combined therapy group than in the single drug group. There was no significant difference in plasma BNP concentration between the 2 groups, however. The duration of AF was significantly shorter in the single drug group (7.3±4.1 months, range 3-15 months) than in the combined therapy group (28.3±31 months, range 5-93 months) (see Table 1 , Fig 2) . In the combined therapy group, the duration of AF was ≤15 months in 14 patients (mean duration of AF, 8.7±2.9 months; NS vs single drug group). In this subgroup of the combined therapy group, the plasma ANP concentration (61.0±34.1 pg/ml) was significantly lower than that in the single drug group, despite the similar short duration of AF. One of the patients (a 56-year-old man), in whom pharmacological cardioversion was not achieved, had a history of AF lasting 107 months, which is the longest duration in the present study's entire cohort. This patient did not have left ventricular hypertrophy, and LVEF was 64.4%, left atrial diameter was 45.4 mm, and plasma concentrations of ANP and BNP were, respectively, 38 pg/ml and 140.1 pg/ml. Changes in ECG findings in the single drug group and combined therapy group. The R-R interval, the QRS width and the QT interval were also significantly extended after conversion to sinus rhythm. The QRS width was significantly longer in the combined therapy group than in the single therapy group, whereas there was no significant difference in QT interval between the 2 groups. *p<0.05 vs control. AAD, antiarrhythmic drug. ). The QRS width was significantly longer in the combined therapy group than in the single therapy groups, whereas there was no significant difference in R-R interval, QT interval and QTc among the groups. The plasma ANP and BNP concentrations were significantly reduced immediately after restoration of SR in both groups (ANP: 96.2±25.3 to 36.3±16.1 pg/ml in the single drug group and 53.3±29.1 to 21.2±9.1 pg/ml in the combined therapy group; BNP: 127.7±68.9 to 40.7±17.9 pg/ml in the single drug group and 139.0±118.3 to 38.8±31 pg/ml in the combined therapy group) (Fig 5) .
During treatment with the antiarrhythmic drugs, serum potassium was controlled at 4.3±0.2 mmol/L. There were no pro-arrhythmic adverse effects, such as torsades de pointes or transient cardiac arrest. Asymptomatic sinus bradycardia (total heart rate <80,000 beats; daytime heart rate at rest <50 beats/min) was observed immediately after restoration of SR in only one patient who received combined therapy with bepridil and flecainide.
During a mean follow-up period of 14.6±8.5 months after pharmacological cardioversion, SR was maintained in 3 of the 5 patients on continuous class I antiarrhythmic drugs, in 8 of the 9 patients on continuous bepridil, and in 21 of the 22 patients on continuous combined therapy with bepridil and a class Ic antiarrhythmic drug.
Discussion
In the present study, pharmacological cardioversion was achieved by single antiarrhythmic drug therapy with class I antiarrhythmic drugs or bepridil in 14 (38%) of 37 patients with persistent (>3 months) AF without cardiac dysfunction (LVEF >50%). In contrast, AF converted to SR with a combination of bepridil and a class Ic antiarrhythmic drug in 22 (96%) of the 23 patients who did not respond to single antiarrhythmic drug therapy.
AF is associated with shortening of the duration of the action potential in the process of electrical remodeling. In the long term, L-type calcium channel downregulation, 7 and in the short term a transient increase of Kv 1.5-channel current, 8 play an important role in electrical remodeling. Bepridil has multiple ion-channel blocking effects that include potassium, calcium and sodium channels. Although the detailed mechanism of the effectiveness of bepridil for persistent AF has not been clarified, 2 mechanisms are proposed. In the first, the blocking action of bepridil on potassium currents, including IKr, IKs, Ikur, IKATP and IKAch, prolongs the action potential duration of the atrium. The second mechanism by which bepridil might terminate AF is that the blocking action of bepridil on the type T and L-type calcium channel, 9,10 as well as its blocking action on the Kv 1.5-channel current, 11 reverse the electrical remodeling.
Nakazato et al reported that, in 65 of 112 (58%) patients with persistent AF lasting an average of 5.2 months, SR was restored by oral administration of bepridil. 5 Fujiki et al found that in patients with persistent AF lasting an average of 49 months, SR was restored by bepridil alone (34%) or in combination with aprindine class Ib antiarrhythmic drug (35%). 4 In the present study, bepridil alone restored SR in 9 of 32 patients (28%) who had not experienced SR restoration by Ia or Ic drug therapy alone. These results indicate that the effect on persistent AF of extended duration of pharmacological cardioversion by bepridil alone is limited. This limitation may be due to the weak sodium channelinhibiting effect of bepridil. A class Ic antiarrhythmic drug will compensate for the inadequate effect of bepridil on the sodium channel, and can restore SR even in those patients with long-lasting persistent AF with no marked prolongation of the QT interval, when used in combination with bepridil.
The rate of pharmacological cardioversion when combining bepridil with a class Ic antiarrhythmic drug was 96% -a highly favorable result. The duration of AF in the present study's cohort differed from that reported by Fujiki et al. 4, 12 Our therapeutic strategy, using a combined therapy of bepridil and a class Ic antiarrhythmic drug for pharmacological cardioversion of AF, appears to be superior to combined therapy with bepridil and aprindine, as used by Fujiki and colleagues. 4, 12 The present study's results suggest that potent blocking action of the sodium channel, as well as the blocking of potassium currents, is necessary for pharmacological cardioversion of persistent AF, regardless of the duration of AF. The inhibitory action of flecainide on multiple channels, including both the sodium channel and the potassium channel, may be involved in the combined action of bepridil with flecainide. Two differences in background characteristics were observed between the single drug group and the combined therapy group. Patients in the combined therapy group had a longer period of persistent AF and a lower plasma ANP concentration than those in the single drug group. Single antiarrhythmic drug therapy may have a limited effect on the restoration of AF in patients with long-lasting AF or with a low plasma ANP concentration.
Plasma ANP is produced in response to stretching of the atrium. Acute AF leads to an increase in plasma ANP concentration, 13 but prolonged AF is associated with a reduced capacity of the atria to produce ANP. Therefore, an inverse relationship exists between the duration of AF and plasma ANP concentration. 14 It has also been reported that, in patients with failed electrical cardioversion or recurrent AF, the plasma ANP concentration did not increase during exercise prior to cardioversion, whereas a normal increase was observed in patients with successful cardioversion. 15 Furthermore, pre-operative plasma ANP concentration is high and the duration of AF is short in patients in whom SR can be sustained by Maze's operation, compared to patients with recurrent AF. 16 In the present study, there was a subgroup in which single antiarrhythmic drug therapy failed to restore SR, although the duration of AF was relatively short. A total of 14 patients, with an AF duration of ≤15 months, similar to the single drug group, and in whom combined therapy was needed for restoration of SR, had lower plasma ANP levels than those in the single drug group. Since degeneration of the atrial muscle progresses rapidly even when the duration of AF is short, there may be some patients in whom single antiarrhythmic drug therapy does not achieve restoration of SR. On the basis of these observations, the plasma ANP concentration provides treatment guidelines for pharmacological cardioversion.
Plasma ANP and BNP concentrations decrease immediately when AF is converted to SR in response to electrical cardioversion. 17, 18 In the present study, plasma ANP and BNP concentrations decreased rapidly after restoration of SR, indicating that cardiac function is improved markedly by restoration of SR with pharmacological cardioversion using antiarrhythmic drugs. Serious adverse effects of bepridil have been reported, however. In particular, sinus bradycardia and a prolonged QT interval are known proarrhythmic effects of bepridil, 19, 20 and administration of bepridil at high doses is associated with the development of torsades de pointes. 21 Yasuda et al reported that torsades de pointes appeared in approximately 1% of patients with atrial flutter or fibrillation, who received bepridil. 20 They described torsades de pointes as manifesting with hypokalemia, particularly in elderly female patients. In the present study, subjects over 80 years of age were excluded, and efforts were made to avoid serum potassium decreases. Furthermore, the daily dose of bepridil was, at most, 200 mg, and the dose was immediately reduced in those patients who showed an increase in the QT interval. These reasons may explain the absence of any serious adverse effects, such as torsades de pointes, in the present study's cohort.
The present study found that combined therapy using bepridil and a class Ic antiarrhythmic drug is efficient in causing pharmacological cardioversion in patients with refractory persistent AF that is unresponsive to single antiarrhythmic drug therapy with class I antiarrhythmic drugs or bepridil alone. The effect of combined therapy on sustaining SR after cardioversion remains unknown. Cardiac function showed improvement immediately after restoration of SR, but the effect on cardiac function by long-term combined therapy with antiarrhythmic drugs remains unclear. It is necessary to investigate and resolve these issues by observing the post-cardioversion course.
Conclusion
Combined therapy with bepridil and a class Ic antiarrhythmic drug has been shown to be excellent in generating cardioversion of refractory long-lasting persistent AF, which is unresponsive to single antiarrhythmic drug therapy with class I antiarrhythmic drugs or bepridil. This combination provides an efficient therapeutic method for improving cardiac function by restoration of SR in AF patients without pro-arrhythmic adverse effects.
